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ABSTRACT
Greene, Daniel K.. M.S., Department of Chemistry, Wright State University, 2017. The
Synthesis and Characterization of Double and Triple Tethered Indeno[2.1-c]fluorendiones
A series of terephthalate esters was synthesized via a Diels-Alder reaction
between 2,5-dicarboethoxy-3,4-diphenylcyclopentadienone and various alkynes in order
to study reaction conditions necessary to synthesize poly(indeno[2,1-c]fluorene-5,8dione)s. Diethyl 2,3-diphenyl-5-butylterephthalate, 1,4-bis(3,4-diphenyl-2,5-di(ethoxycarbonyl)phenyl)butane and N,N,N-tris(3,4-diphenyl-2,5-di(ethoxycarbonyl)phenylmethyl)amine were synthesized and characterized by IR, 1H NMR, 13C NMR, 13C NMR
DEPT135 spectroscopies as well as elemental composition.
Hydrolysis conditions of the terephthalates using potassium hydroxide were also
investigated. It was found that large stoichiometric equivalents of base coupled with
reaction times over twenty-four hours afforded only partially hydrolyzed products.
The synthesis of 6-butylindeno[2,1-c]fluoren-5,8-dione was successfully carried
out by the sulfuric acid catalyzed, intramolecular, Friedel-Crafts cyclization of 5-butyl2,3-diphenyl terephthalic acid. Full spectroscopic, elemental and melting point
characterization is reported.
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INTRODUCTION
Highly phenylated aromatic structures possess many useful properties including
optoelectronic activity and thermal stability. Constructing polymeric versions of those
systems presents many synthetic challenges. The synthesis of diphenyl terephthalates
from bis(ethoxycarbonyl)cyclopentadienones and their conversion to indeno[2,1-c]fluorendiones suggested the possibility of incorporating the indeno[2,1-c]fluorendione
structure into polymeric materials by using the original work of Reinhardt.1 The desired
polymeric poly(terephthalate) 1 and the corresponding poly(indeno[2.1-c]fluorendione) 2
is shown below.

1

2

The Diels-Alder reaction of cyclopentadienones with alkynes or the
corresponding “bis” analogs is the most efficient and convenient approach to
synthesizing such structures. This research had two goals 1) the selection and synthesis of
small molecule segments of the projected polymer to learn about the reaction conditions
and synthetic routes needed and 2) the synthesis of larger polyfunctional derivatives as
extensions of the original linear approach.

1

HISTORICAL
The Diels-Alder reaction is one of the most useful organic reactions in terms of its
wide applications in organic synthesis and its ability to generate products through carboncarbon bond formation.2 The Diels-Alder reaction is a cycloaddition reaction involving a
diene, a 1,3-conjugated pi-system, and a dienophile, an alkene or alkyne. Under
conventional Diels-Alder conditions, dienes bearing electron donating groups, when
reacted with dienophiles bearing electron withdrawing groups, provide preferential
conditions for forming the cycloaddition product. Inverse-electron-demand Diels-Alder
reactions are also well known and involve reacting dienes with sufficiently strong
electron withdrawing groups with dienophiles bearing electron-donating groups. A much
more detailed explanation of cycloaddition reactions is available.3
One of the earliest and most well studied dienes is cyclopentadiene 3.4-6 In fact,
cyclopentadiene undergoes a [4+2] reversible Diels-Alder to form its dimer 4 at room
temperature in a matter of hours. To use the pure monomer, cyclopentadiene must be
“cracked” at 180º to reverse the dimerization through a retro Diels-Alder reaction.

3

4

As a diene, cyclopentadiene reacts with dienophiles to form various norbornene
compounds. For example, 3 reacts with acrylonitrile 5 to produce the cyano substituted
norbornene 6.7

2

3

5

6

A particularly useful extension involves the use of cyclopentadienones in DielsAlder reactions.1 The cycloaddition product now contains a carbonyl bridging the C-3
and C-6 cyclohexene carbons as opposed to a methylene bridge. When cyclopentadienones 7 are reacted with alkynes 8, the cycloaddition 1,4-cyclohexadiene 9 containing
a C-3 to C-6 carbonyl bridge can now further thermally degrade, releasing carbon
monoxide and generating a benzene ring 10.

7

8

9

10

Fluorene – Naming, Structure, Acidity, Oxidation to Fluorenone

11
Fluorene 11 can be described as a biphenyl molecule, bridged by a methylene
carbon between the 2,2’ biphenyl carbons. One characteristic property of fluorene is the
relatively acidic methylene protons. As measured in DMSO, the first methylene proton of
fluorene has a pKa of 22.6.8 Compared to a proton on cyclopentane with a pKa of ~59 and
cyclopentadiene with a pKa of 18, it is clear that the acidity of the methylene proton on
fluorene is much more closely related to that of cyclopentadiene. This difference in
nearly 37 orders of magnitude between the acidity of cyclopentane and fluorene can be
3

explained by the aromatic nature of the fluorenyl anion. In terms of reactivity, fluorene
behaves more similarly to biphenyl. Appropriate fluorene derivatives readily undergo
both nucleophilic and electrophilic aromatic substitution reactions, as well as typical C-C
bond forming reactions (Suzuki coupling, Buchwald-Hartwig coupling etc.).9-10 Fluorene
also has a relatively high quantum yield for blue emitting LED applications, and as such
has found many applications in organic LED devices as a polymeric material.11

12
Oxidation of the methylene carbon on fluorene generates a class of compounds
termed fluorenones 12. The carbonyl carbon of fluorenones are reported to undergo
reaction with Grignard reagents and under strongly acidic conditions act as the
electrophile in electrophilic aromatic substitutions.11,12
Indenofluorenes, Indenofluorendiones
Indenofluorenediones are so named due to the apparent fusion of an indene
moiety with a fluorene moiety. There are 5 regioisomers (Figure 1) comprising the
indenofluorene class of compounds and oxidation of the methylene carbon positions
leads to indenofluorendiones. By far, most published research deals with the indeno[1,2b]fluorene system13-15 followed by the indeno[2,1-c]fluorene system with very little
published on the other three isomers.16 The apical carbons of the five membered rings in
the [1,2] isomers are anti while in the [2,1] isomers they are syn. The lettering of
indenofluorene isomers corresponds to the face of the fluorene core to which the indene
moiety is fused.

4

Indeno[2,1a]fluoren-11,12-dione

Indeno[2,1b]fluoren-10,12-dione

Indeno[2,1c]fluoren-5,8-dione

Indeno[1,2a]fluoren-7,12-dione

Indeno[1,2b]fluoren-6,12-dione

Figure 1. Indenofluorendione Isomers.
The first synthesis of indeno[2,1-c]fluoren-5,8-dione (Scheme 1) was published
in 1961.17 Starting from indanone, the authors used aluminum amalgam in ethanol and
benzene to isolate the diol homo-coupling product in a 38% yield. The diol was
subsequently dehydrated to the diene using acetic acid and acetic anhydride in overall
good yields. Interestingly, the diene was used in a Diels Alder reaction with the
dienophile maleic anhydride to produce the indeno anhydride with an overall yield of
59%. The anhydride was then subsequently hydrolyzed, decarboxylated and oxidized to
the indenofluorene in one step in the presence of barium hydroxide, powdered copper and

5

Scheme 1. Synthesis of indeno[2,1-c]fluoren-5,8-dione from indanone.
soda glass. The final step in the total synthesis involved the oxidation of the methylene
carbons with sodium dichromate in acetic acid to afford indeno[2,1-c]fluoren-5,8-dione
in an overall yield of 8.2%.
In 1966, a similar synthetic scheme was used to make indeno[2.1-c]fluoren-5,8dione with propiophenone as a starting material.18 The initial steps were the same as
previously reported; the aluminum amalgam coupling to the diol, dehydration to the
diene with acetic anhydride and a Diels Alder with maleic anhydride. The oxidation to
the o-terphenyl anhydride was accomplished with elemental sulfur with a one step 80%
yield. The dimethyl o-terphenyl anhydride was then hydrolyzed with sodium hydroxide
and protonated with HCl to afford the dicarboxylic acid. Decarboxylation was then
accomplished with copper chromite, followed by oxidation of the methyl carbons to
carboxylic acids with potassium permanganate. The diphenyl terephthalic acid was ringclosed to the indenofluorendione quantitatively with sulfuric acid.

6

Scheme 2. Synthesis of indeno[2,1-c]fluoren-5,8-dione from propiophenone.
“Orange”
Separately, in 1971, a more direct high-yielding route to terephthalate esters was
reported.1 This process involved the Knoevenagel condensation between benzil 13 and
diethyl 1,3-acetonedicarboxyate 14 in an ethanol/sodium ethoxide mixture. The

13

14

15

16

intermediate sodium salt 15 underwent an elimination reaction with acetic anhydride and
sulfuric acid to produce the 2,5-dicarboethoxy-3,4-diphenylcyclopentadienone 16.

7

Similar conditions were utilized to synthesize “Bis-Orange” (Scheme 3) using the
so called 4,4’-oxydibenzil in place of benzil.1 The polymerization of the bis-orange with
1,4-diethynylbenzene afforded a new class of poly(arylene ether)s having pendant esters,
that showed good solubility in most organic solvents.

Scheme 3. Synthesis and polymerization of “Bis-Orange.”
Lorge Synthesis of Indeno[2,1-c]fluorendione
The cyclopentadienone moiety 16 has been well studied.1,19-22 The reaction of 16
with norbornadiene via a Diels-Alder reaction produced the terephthalate ester 17 in
generally acceptable yields. The byproducts of the reaction were carbon monoxide and
cyclopentadiene.

16

17

18

8

19

Hydrolysis of the diethyl ester 17 with potassium hydroxide in ethylene glycol
occurred with a 97% yield and the diacid intermediate could be converted to the
corresponding diacid dichloride 18 in 95% yield.19
Interestingly, the attempted Friedel-Crafts acylation of 19 with fluorobenzene did
not proceed to afford the desired fluorinated aryl ketone 20.

20

19

21

Further investigation of the Friedel-Crafts reaction of 19 indicated that the
isolated material was in fact the intramolecular Friedel-Crafts product indeno[2,1c]fluoren-5,8-dione 21. It was also found that 21 could be synthesized from the diacid 18
without the additional step of making the diacid chloride 19.

18

21

Following the initial discovery of the ring closure, various alkyl substituted
terephthalates were also synthesized from the corresponding alkynes to expand this new
route in making indeno[2,1-c]fluorendiones.19

9

16

22a-c
23a-c
24a-c
a, R = H, R’ = C6H13, b, R = R’ = C3H7, c, R = R’ = C5H11

The reaction of 16 with the internal alkynes 22a-c gave nearly quantitative yields
of the alkyl-substituted terephthalates 23a-c. The original hydrolysis of terephthalic acids
was replaced with a more efficient, one-step sulfuric acid ring closure. Interestingly, the
hexyl and dipentyl teraphthalates 23a and 22c formed the indeno[2.1-c]fluoren-5,8-dione
derivatives 24a and 24c in quantitative yields but the dipropyl terephthalate 23b
unexpectedly resulted in a 31% yield of the ring closure product 24b.
Torres Synthesis of Brominated Indeno[2,1-c]fluorendione
The synthesis of a brominated indeno[2,1-c]fluorendione began with the
preparation of the precursor 4,4’-dibromobenzil 27.20 Conversion of the p-bromophenylacetic acid 25 to the acid chloride with thionyl chloride, followed by a Friedel-Crafts
acylation with bromobenzene afforded 4,4’-dibromodeoxybenzoin 26. Oxidation of the
26 was carried out using CuBr in DMSO to produce the 4,4’-dibromobenzoin 27.

25

26

27

The condensation of 27 with diethyl 1,3-acetonedicarboxyate 14 produced 28 in
good yield. The cyclopentadienone 28 was found to undergo a successful [4+2]
cycloaddition with norbornadiene to produce the terephthalate 29.20

10

27

14

28

29

The ring closure of the brominated terephthalate ester 29 to the corresponding
3,10-dibromoindeno[2,1-c]fluoren-5,8-dione 30 was also studied via two separate
schemes. The two-step pathway including the basic hydrolysis in ethylene glycol
followed by the ring closure in sulfuric acid led to the desired product being isolated in an
overall 45% yield. A one-step, direct ring closure of 29 gave a better yield of 79%. Of
interest is the fact that 30 had a melting point of 375° and very low solubility in common
solvents. Interestingly, any subsequent attempt at alkynylation of the C-Br bonds in 29
via Sonagashira coupling resulted in reduced Pd catalyst and the recovery of starting
material.

29

30

Smith Syntheses
Research into para substituent effects on the 2,3-diphenyl rings of
cyclopentadienone 16, focusing on hydrogen, halogens and methyl substituents has been

11

conducted on the Diels-Alder, hydrolysis and ring closure reactions.21 The relevant
cyclopentadienones 29-33 were prepared by the techniques described for “Orange.”
The reaction of 16, 29 and 31-33 with norbornadiene provided the disubstituted
terephthalates 34-38 in yields varying from 62-91% with a slight trend in the halogen
series in which higher yields are associated with increasing atomic radius (Br>Cl>F)
while methyl and hydrogen substitution gave similar yields of 74% and 73%,
respectively.

16, 29, 31-33

17, 29, 34-36

Table 1. Yields of reactions of substituted cyclopentadienones 16,
29, 31-33 with norbornadiene.
Cyclopentadienone

X

Terephthalate, Yield (%)

16
31
32
28
33

H
F
Cl
Br
CH3

17, 74
34, 62
35, 72
29, 91
36, 73

The ring closure of 17, 29 and 34-36 generally resulted in indeno[2,1c]fluorendiones with high melting points and limited solubilities.
In an effort to disrupt crystallinity in the substituted indeno[2,1-c]fluoren-5,8diones, the cyclopentadienones 16, 29 and 31-33 were reacted with 1-octyne as a DielsAlder cycloaddition partner to provide the alkylated terephthalates 23a and 37-40. No
substantial substituent effects were noted.
12

16, 29, 31-33

23a, 37-40

24a, 41-44

Table 2. Yields of reactions of substituted cyclopentadienone 16, 29, 31-33
with 1-octyne and of subsequent ring closure reactions.
Cyclopentadienone

X

Terephthalate, (%)

Indeno[2,1-c]fluorene (%)

16
31
32
29
33

H
F
Cl
Br
CH3

23a, 83
37, 76
38, 78
39, 89
40, 78

24a, 94
41, 96
42, 73
43, 95
44, 51

The direct ring closure of the alkylated terephthalate diesters 23a and 37-40 in
sulfuric acid was also undertaken. It was found that direct ring closures were generally of
high yield except for the conversion of 40 to 44 that occurred in 51% yield.
The use of methanesulfonic acid as a ring closure catalyst for the difluoro
derivative 37 was less successful and initially led to a mixture of the fully cyclized
product 41, along with both mono-cyclized isomers 42 and 43. Subsequently, sulfuric

37

41

42

13

43

acid was found be a better catalyst, presumably due the stronger acidity. High yields of
the fully cyclized 3,10-difluoro-6-hexylindeno[2,1-c]fluoren-5,8-dione 41 were obtained.
Current Benzoate Ring Closures
In 2007, Huang et al.22 reported the synthesis of isotruxene 50 using very similar
synthetic schemes as previously described for the indeno[2,1-c]fluoren-5,8-diones1,22 in
which the key step is the ring closure of benzoic acid derivatives. Isotruxene 50 is an
interesting scaffold for many electronic and optoelectronic applications, but study of its
properties has been limited mainly due to the difficulty of its synthesis and isolation.

50
The retrosynthetic pathway for isotruxene 50 is shown in Scheme 4. Previously
reported syntheses of isotruxenone required elevated temperature and pressure (350°, 20
atm) and was limited to 10 mmol of final material after column chromatography. The
authors explored two different starting points in preparing 50. The first was the use of a
highly specific cobalt catalyst in the presence of an appropriate phenylacetylene to cause

Isotruxene

Isotruxenone

Scheme 4. The retrosynthetic pathway for the synthesis of isotruxene.

14

highly specific cobalt catalyst in the presence of an appropriate phenylacetylene to cause
a 2+2+2 cyclization. The second approach utilized 4+2 cycloadditions between
cyclopentadienones and alkynes to make the substituted aryl ester core.
The most practical route in terms of purity, scalability, and overall yield was
found to be the 4+2 cycloaddition scheme. This route began with the Diels-Alder reaction
of reaction of 2,5-dimethyl-3,4-diphenylcyclopentadienone 51 and ethyl 3phenylpropynoate 52 to give ethyl 2,5-dimethyl-3,4,6-triphenylbenzoate 53. The ring
closure of 53 proceeded smoothly in polyphosphoric acid at 140° to yield the substituted
fluorenone 54.

51

52

53

55

54

56

50

Permanganate oxidation of both of the methyl groups in 54 gave the diacid 55
which was then converted to isotruxenone 56 in concentrated sulfuric acid at 140°.
Isotruxene 50 was prepared via a Wolf-Kishner reduction of isotruxenone 56 in 98%
yield. The overall yield was 31% without the need for column chromatography.
15

The synthesis of isotruxenone 56 from the triacid was also investigated. The
selectivity between Friedel-Crafts acylation of phenyl ring A and phenyl ring C by the
carboxylic acid between them was also studied as a function of reaction time and
temperature.

57

58

56

Table 3. Yield of products as a function of time and temperature in the
ring closure reaction of 57.
Temperature (°C)

Time (min)

Yield 56 (%)

Yield 58 (%)

25
60
80
140
160

180
120
120
5
5

0
20
27
40
40

65
-

It was found that increasing the temperature both decreased the reaction time
while increasing the yield of isotruxenone 56. Phenyl rings B and C are expected to be
less coplanar with the central phenyl ring than phenyl ring A. The less coplanar phenyl
ring B should therefore be less favorable for the electrophilic aromatic substitution than
phenyl ring A. At elevated temperatures, the difference in preference for electrophilic
substitution between phenyl rings A and B is overcome, and the yield of isotruxenone 56

16

increases with higher temperatures. The yield of 56 is similar to that obtained from the
conversion of 55 to 56.
Current Objectives
This research has sequential goals. First, the selection and synthesis of model
small molecules to learn about the reaction conditions and synthetic routes needed to
make poly(indenofluorendiones). Second, the synthesis of double and triple tethered
terephthalates to learn about the hydrolysis and ring closure of polyfunctional
indenofluorene precursors. The final goal is to apply the learning towards a suggested
synthetic scheme of poly(indenofluorendiones) originally proposed i.e. the synthesis of 1
and its conversion to 2.

1

2
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EXPERIMENTAL
Instrumentation and Chemicals
Nuclear Magnetic Resonance (NMR) spectra were acquired using a Bruker
Avance 300 NMR Spectrometer (1H and 13C) using CDCl3 and DMSO-d6 as solvents. All
NMR data manipulations were carried out using Bruker Topspin 3.5pl7. Melting points
were obtained with a DigiMelt MPA-160 apparatus. Elemental analyses were performed
by Midwest Micro Laboratories, Indianapolis, Indiana. Infrared (IR) spectra were
recorded as thin films or KBr pellets with a Nicolet 6700 FT-IR spectrometer. Starting
materials were obtained from Sigma-Aldrich Chemical Company and used without
further purification.
2,5-Dicarboethoxy-3,4-diphenylcyclopentadienone 16

To a stirred solution of benzil (1.04 g, 4.92 mmol, 1 eq), diethyl 1,3acetonedicarboxylate (1.00 g, 4.95 mmol, 1.005 eq) and ethanol (8 mL) was added a
potassium hydroxide ethanolic solution (0.60 g KOH in 3 mL EtOH). The reaction
slowly became transparent and was stirred for a total of 24 h at ambient temperature. A
precipitate had formed, and the yellow solid was isolated by vacuum filtration and airdried for one day. The solid was slurried in acetic anhydride (7 mL) and stirred at
ambient temperatures for 15 min at which point a uniform slurry was achieved.
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Concentrated sulfuric acid (10 drops) was then added and the temperature of the solution
gradually rose to 50º. The solution became transparent and dark red and was stirred for an
additional 3 h. The reaction was then poured into water and stirred for 12 h to afford a
bright orange precipitate, which was collected by vacuum filtration and dried under
reduced pressure at 50º yielding 0.975 g (53%): mp 118.3-120.2° (lit.1 120°); IR (KBr,
cm-1) 3074 (Aromatic C-H), 2098 (Aliphatic C-H), 1741 (C=O), 1717 (C=O); 1H NMR
(300 MHz, CDCl3, δ) 1.18 (t, 6H, CH3, 3 JHH = 7.2 Hz) 4.21 (q, 4H, CH2, 3 JHH = 7.2 Hz)
7.04 (d, 4H, ArCH) 7.27 (t, 4H, ArCH) 7.37 (t, 2H, ArCH); 13C NMR (75 MHz, CDCl3,
ppm) 13.92 (CH3),.61.23 (CH2), 119.79 (ArC), 127.72 (ArCH), 128.92 (ArCH), 130.15
(ArCH), 130.98 (ArC), 162.10 (C=O), 162.12 (C=O), 190.98 (C=O).
Diethyl 2,3-diphenyl-5-butylterephthalate 59

In a Q-tube glass reactor was charged 16 (1.88 g, 5.0 mmol, 1 eq), hexyne (0.451
g, 5.5 mmol, 1.1 eq) and toluene (10 mL). The Q-tube was sealed with a Teflon septa and
placed in an oil bath heated to 135º. The reaction was monitored by 1H NMR until no
more starting material was present (12 h). Isolation was accomplished by removing all
volatiles under reduced pressure to yield a viscous oil. This oil was dissolved in
methylene chloride (3 mL) and ethanol (10 mL) and all volatiles were removed under
reduced pressure. This process was repeated a total of three times, yielding 1.83 g (85%)
of a dark brown viscous oil: IR (KBr, cm-1) 3058 (Aromatic C-H), 2978 (Aliphatic C-H);
1726 (C=O), 1H NMR (300 MHz, CDCl3, δ) 0.95 (t, 3H, CH3), 0.97 (t, 3H, CH3), 0.99 (t,
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3H, CH3), 1.44 (sx, 2H, CH2, 3JHH = 7.5 Hz), 1.71 (quin, 2H, CH2, 3JHH = 8.1 Hz), 2.72 (t,
2H, CH2, 3JHH = 8.0 Hz), 3.95 (q, 2H, CH2, 3JHH = 7.1 Hz), 3.99 (q, 2H, CH2, 3JHH = 7.1
Hz), 6.80-7.11 (m, 10H, ArCH), 7.58 (s, 1H, ArCH); 13C NMR (75 MHz, CDCl3, ppm)
13.52 (CH3), 13.59 (CH3), 13.91 (CH3), 22.68 (CH2), 33.18 (CH2), 33.35 (CH2), 60.97
(CH2), 61.01 (CH2), 126.48 (ArCH), 126.63 (ArCH), 127.20 (ArCH), 127.23 (ArCH),
128.97 (ArCH), 129.84 (ArCH), 130.17 (ArCH), 133.57 (ArC), 137.14 (ArC), 138.26
(ArC), 138.48 (ArC), 138.73 (ArC), 139.02 (ArC), 139.60 (ArC), 168.66 (C=O), 168.80
(C=O). Anal. Calcd. for C28H30O4: C, 78.11; H, 7.07; O, 14.82. Found: C, 81.36; H, 7.03.
1,4-Bis(3,4-diphenyl-2,5-diethoxycarbonylphenyl)butane 60

To a Q-tube, glass reactor was charged 16 (2.14 g, 5.56 mmol, 2 eq), 1,7octadiyne (0.302 g, 2.78 mmol, 1 eq) and toluene (8 mL). The Q-tube was sealed with a
Teflon septa and placed in an oil bath heated to 135º. The reaction was heated for a total
of 4 days. Isolation was accomplished by removing all volatiles under reduced pressure to
yield a viscous oil. This oil was dissolved in methylene chloride (3 mL) and ethanol (10
mL) and all volatiles were removed under reduced pressure. This process was repeated a
total of three times, producing a white powder that was recrystallized from ethanol to
yield the desired compound (1.45 g, 58.5 %): mp 142-143.5°; IR (KBr, cm-1) 3057
(aromatic C-H), 2980 (aliphatic C-H), 1725 (C=O); 1H NMR (300 MHz, CDCl3, δ) 0.89
(t, 6H, CH3, 3JHH = 7.1 Hz), 0.89 (t, 6H, CH3, 3JHH = 7.1 Hz), 1.84 (m, 4H, CH2), 2.77
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(m, 4H, CH2), 3.97 (m, 8H, CH2), 6.95-7.02 (m, 20H, ArCH), 7.68 (s, 2H, ArCH); 13C
NMR (75 MHz, CDCl3, ppm) 13.54 (CH3), 13.60 (CH3), 31.13 (CH2), 33.32 (CH2), 61.02
(CH2), 126.50 (ArCH), 126.85 (ArCH), 127.21 (ArCH), 127.24 (ArCH), 128.93 (ArCH),
129.83 (ArCH), 130.17 (ArCH), 133.66 (ArC), 137.16 (ArC), 138.23 (ArC), 138.25
(ArC), 138.66 (ArC), 138.98 (ArC), 139.71 (ArC), 168.56 (C=O) 168.73 (C=O). Anal.
Calcd. for C52H25O8: C, 77.78; H, 6.28; O, 15.94. Found: C, 76.50; H, 6.23.
N,N,N-Tris(3,4-diphenyl-2,5-diethoxycarbonylphenylmethyl)amine 61

In a Q-tube, glass reactor was charged 16 (1.128 g, 3 mmol, 3 eq),
tripropargylamine (0.134g, 1 mmol, 1 eq) and toluene (10 mL). The Q-tube was sealed
with a Teflon septa and placed in an oil bath heated to 135º. The reaction was heated for a
total of 6 days. Isolation was accomplished by removing all volatiles under reduced
pressure to yield a viscous oil. The oil was dissolved in methylene chloride (3 mL) and
ethanol (10 mL) and all volatiles were removed under reduced pressure. This process was
repeated a total of three times, producing a white powder. This powder was recrystallized
in ethanol to afford the desired compound (0.96g, 81%): mp 179.6-180.7°; IR (KBr, cm1

) 3057 (Ar C-H), 2981 (Aliphatic C-H), 1723 (C=O); 1H NMR (300 MHz, CDCl3, δ)
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0.85 (t, 9H, CH3, 3JHH = 7.0 Hz), 0.92 (t, 9H, CH3, 3JHH = 7.0 Hz), 3.99-4.07 (m, 12H,
CH2), 3.86 (s, 6H, CH2), 7.0-7.23 (m, 30H, Ar-CH), 8.15 (s, 3H, Ar-CH); 13C NMR (75
MHz, CDCl3, ppm) 13.51 (CH3), 13.55 (CH3), 57.12 (CH2-N), 60.94 (CH2 ester), 61.15
(CH2 ester), 126.53 (ArCH), 126.82 (ArCH), 127.13 (ArCH), 127.16 (ArCH), 129.24
(ArCH), 129.86 (ArCH), 130.27 (ArCH), 133.77 (ArC), 135.27 (ArC), 137.03 (ArC),
138.18 (ArC), 138.91 (ArC), 139.68 (ArC), 139.91 (ArC), 168.15 (C=O), 168.41 (C=O).
Anal. Calcd. for C75H69NO12: C, 76.58; H, 5.91; N, 1.19; O, 16.32. Found: C, 76.85; H,
6.09; N, 1.21.
2,3-Diphenyl-5-butylterephthalic Acid 62

The diester 59 (1.00 g, 2.32 mmol, 1 eq) was charged to a 25 mL single-neck,
round-bottomed flask, followed by ethylene glycol (5 mL) and crushed potassium
hydroxide (1.4 g, 24.8 mmol, 10.7 eq). The solution was placed in an oil bath, heated to
155º for a total of 26 h. The reaction was poured into water (50 mL), and acidified with
HCl until a pH of 2 was achieved. The brown solid was collected by vacuum filtration
and dried under reduced pressure at 70º for 2 days affording 0.74g (94%) of a brown
solid: IR (KBr) cm-1 3500-2600 (OH stretch), 3058 (Ar C-H), 2957 (Aliphatic C-H),
1701 (C=O); 1H NMR (300 MHz DMSO-d6, δ) 0.8-1.0 (m, 3H, CH3), 1.3-1.5 (m, 2H,
CH2), 1.5-1.7 (m, 2H, CH2), 2.6-2.7 (m, 2H, CH2), 6.8-7.2 (m, 10H, Ar-CH), 7.65 (s, 1H,
Ar-CH).
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1,4-Bis(3,4-diphenyl-2,5-dicarboxyphenyl)butane 63

The tetraester 60 (1.00 g, 1.2 mmol, 1.0 eq) was added to a 25 mL, single-neck,
round-bottomed flask, followed by ethylene glycol (5 mL) and crushed KOH (0.81 g,
14.4 mmol, 12 eq). This solution was heated for 4 days at 155°, and poured into a mixture
of acidified (HCl) ice/water. The brown precipitated solid was then dried under reduced
pressure at 70º for 4 days yielding 1.0 g of solid. By 1HNMR (Figure 3), it was
determined that ~30% of the ester functionalities remained.
6-Butylindeno[2,1-c]fluoren-5,8-dione 64

From 2,3 Diphenyl-5-butylterephthalic acid 62 in H2SO4
The diacid 62 (0.83 g, 2.3. mmol, 1 eq) was charged to a 25 mL, single-neck,
round-bottomed flask, followed by concentrated sulfuric acid (10 mL) and the solution
was stirred for 24 h at ambient temperature. The black solution was poured over ice,
stirred for 12 h and subsequently filtered to isolate a gold solid. This gold solid was
recrystallized in ethanol/toluene to afford 64 (0.50 g, 64%): mp 138.8-140.3°; IR (KBr,
cm-1) 2955 (Aliphatic C-H), 1707 (C=O), 1699 (C=O); 1H NMR (300 MHz, CDCl3, δ)
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0.95 (t, 3H, CH3, 3JHH = 7.2 Hz), 1.43 (sx, 2H, CH2, 3JHH = 7.2 Hz), 1.55 (quin, 2H, CH2,
3

JHH = 7.5 Hz), 2.97 (t, 2H, CH2, 3JHH=7.6 Hz) 7.29-7.34 (m, 3H, ArCH), 7.47 (t, 2H,

ArCH, 3JHH = 7.5 Hz), 7.63 (t, 2H, ArCH, 3JHH = 7.6 Hz), 7.80 (d, 2H, ArCH, 3JHH = 7.5
Hz); 13C NMR (75 MHz, CDCl3, ppm) 13.9 (CH3), 22.7 (CH2), 30.9 (CH2), 32.2 (CH2),
123.67 (ArCH), 123.86 (ArCH), 124.33 (ArCH), 124.75 (ArCH), 126.96 (ArCH), 129.15
(ArCH), 129.40 (ArCH), 134.55 (ArCH), 134.96 (ArCH), 134.98 (ArC), 135.11 (ArC),
135.59 (ArC), 135.83 (ArC), 139.19 (ArC), 139.57 (ArC), 142.44 (ArC), 143.68 (ArC),
146.12 (ArC). Anal. Calcd. for C24H18O2: C, 85.15; H, 5.36; O, 9.46. Found: C, 83.08; H,
5.23.
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RESULTS AND DISCUSSION
Synthesis of 2,5-dicarboethoxy-3,4-diphenylcyclopentadienone
The synthesis of 2,5-dicarboethoxy-3,4-diphenylcyclopentadienone 16 was
accomplished following a procedure reported by Huang et al.22 Diethyl 1,3acetonecarboxylate 14 was subjected to a Knoevenagel condensation with benzil 13 using
KOH in ethanol under ambient conditions. The potassium salt intermediate 15 was
acidified and dehydrated in acetic anhydride with catalytic sulfuric acid without external
heating and isolated by precipitation into water.

K

13

+

14

15

16

The isolated bright orange solid was characterized by IR, 1H NMR, 13C NMR and
13

C NMR DEPT135 spectroscopies. Two major carbonyl stretching absorptions appear in

the IR spectrum (Figure 5) at 1743 cm-1 and 1717 cm-1 which are attributed to the
conjugated ester carbonyl stretching vibration and cyclic, conjugated ketone stretching
vibration respectively. Analysis of 16 by 1H NMR spectroscopy (Figure 6) produces a
spectrum exhibiting the expected absorptions. The absorptions at δ 4.21 and δ1.18
correspond to the methylene and methyl protons respectively of the ethyl ester and show
the expected first order spin-spin coupling pattern. Integration of the absorption from δ
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7.03-7.4 in comparison to the integration of the absorptions at δ 4.21 and δ 1.18 reveals
the expected aromatic proton : aliphatic proton ratio of 1 : 1.
The 13C NMR spectrum (Figure 7) exhibits key absorptions at 190.96 ppm and
162.12 ppm and 162.10 ppm confirming the presence of the cyclopentadienyl carbonyl
carbon and the ethyl ester carbonyl carbons respectively. A total of 5 unique aromatic
carbon absorptions are present between 130.98 – 119.79 ppm, 3 of which have hydrogen
substituents as determined 13C NMR DEPT135 analysis (Figure 8).
Preparation of Terephthalate Esters
Three terephthalate ester derivatives were prepared as model compounds for the
generation of poly(indeno[2,1-c]fluorendione) structures 1 and 2.

16

59

The preparation of the simplest terephthalate model compound, diethyl 2,3
diphenyl-6-butylterephthalate 59, was carried out using a sealed glass reaction tube with
toluene as the solvent. Use of the sealed glass reaction tube avoided the use of difficult to
remove, higher-boiling solvents such as mesitylene. It also helped to avoid using a large
excess of 1-hexyne that would have been necessary to accommodate the slow evaporation
of 1-hexyne under normal atmospheric conditions. Conversion of the cyclopentadienone
16 to the terephthalate 59 was monitored by 1H NMR spectroscopy (Figure 10) while
tracking the disappearance of the ethyl ester proton absorptions at δ 4.22 from the
cyclopentadienone 16 and noting the simultaneous appearance of new ethyl ester proton
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absorptions centered at δ 4.05. Isolation and purification of 59 was accomplished by
removal of the volatile components in the reaction and subsequently dissolving the
viscous oil in a methylene chloride/ethanol mixture and repeatedly azeotroping the
volatile components until a viscous oil was obtained.
Infrared spectroscopic analysis (Figure 9) of the isolated viscous oil 59 reveals a
characteristic ester carbonyl absorption at 1726 cm-1, as well as the aromatic C-H
stretching absorption at 3058 cm-1 and aliphatic C-H stretching absorption at 2978 cm-1.
Analysis of the 1H NMR spectrum (Figure 10) reveals a singlet absorption at δ
7.68 corresponding to the proton on the central substituted aromatic ring. Integration and
comparison of the remaining aromatic absorptions produces the expected 1:10 ratio,
confirming the correct aromatic structure. The butyl chain is also confirmed by the three
separate methylene absorptions at δ 1.7, δ 2.3 and δ 2.7 while the methyl proton
absorption of the butyl tail, although overlapping those of the methyl proton absorptions
of the ethyl ester, is identified. Integration and comparison of each absorption gives the
expected ratios.
Analysis of 59 by 13C NMR (Figure 11) spectroscopy confirms the disappearance
of the carbonyl carbon absorption corresponding to the cyclopentadienonyl ketone of 16
(190.96 ppm) and the appearance of two unique ester carbonyl carbon absorptions at
168.66 ppm and 168.80 ppm, indicating a successful completion of the cycloaddition.
The asymmetric nature of the isolated material is further confirmed by expected 14
unique aromatic carbon absorptions, 2 unique ester methylene carbon absorptions as well
as two unique methyl carbon absorptions of the ethyl ester. The butyl “tail” is also
identified by the presence of the expected aliphatic carbon absorptions. Interpretation of
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the 13C NMR DEPT135 spectrum (Figure 12) identifies the expected seven aromatic
methine carbon absorptions as well as identifying the expected aliphatic methylene and
methyl carbon absorptions for the aliphatic portions of 59.

16

60

The synthesis of a multifunctional model terephthalate, 1,4-bis(3,4-diphenyl-2,5di(ethoxycarbonyl)phenyl)butane 60 was completed by reacting 2,5-dicarboethoxy-3,4diphenylcyclopentadienone 16 with 1,7-octadiyne in toluene using a QTM - tube reaction
vessel sealed with a Teflon septum. Isolation of 60 from the reaction mixture was
performed by first removing all volatile components under reduced pressure. Purification
of the product was accomplished by recrystallization from ethanol.
The main functional groups in 60 are identified via IR spectroscopy (Figure 12)
and include the aromatic carbonyl ester stretching absorption appearing at 1725 cm-1, the
aromatic C-H stretching absorptions (>3000 cm-1) as well as the aliphatic C-H stretching
absorptions (<3000 cm-1).
The 1H NMR spectrum (Figure 13) contains an absorption at δ 7.70 that
corresponds to the proton on the central substituted terephthalate ring. Integration and
comparison of the remaining aromatic proton absorptions give the expected ratio of 20:2.
All four ethyl ester groups are also confirmed by the integration of the ester methylene
absorptions centered at δ 3.97 and the ester methyl absorptions centered at δ 0.89. The
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butyl “linkage” is also confirmed and identified as the broad methylene absorptions at δ
2.78 and δ 1.85.
The 13C NMR spectrum (Figure 14) along with 13C NMR DEPT 135 spectrum
(Figure 15) exhibits a similar pattern to 59. The expected total of 14 unique aromatic
carbon absorptions are identified as well as 7 aromatic CH carbon absorptions. Due to the
symmetric nature of 60, the butyl “linkage” exhibits 2 aliphatic methylene carbon
absorptions. Remarkably, the terephthalate structures in 60 give rise to one unique ester
methylene absorption but two unique ester methyl carbon absorptions appearing at 61.02
ppm for the methylene carbon absorption while the two unique methyl carbon
absorptions of the ethyl ester appear at 13.60 ppm and 13.54 ppm. Two unique carbonyl
carbon absorptions corresponding the ester functions appear at 168.73 and 168.56 ppm.

16

61

The synthesis of a branched terephthalate N,N,N-tris(3,4-diphenyl-2,5(diethoxycarbonyl)phenylmethyl)amine 61 was carried out in a QTM-tube reactor using
tripropargylamine and 16 in toluene. The reaction was also monitored by 1H NMR
(Figure 18) and the isolation and purification of the product accomplished by
recrystallization from ethanol.
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Analysis of the IR spectrum (Figure 17) was used to identify absorptions
attributed to the main functional groups. The carbonyl stretching absorption appeared at
1723 cm-1 and aromatic C-H stretching absorptions (>3000 cm-1) and aliphatic C-H
stretching absorptions (<3000 cm-1) were also observed.
The 1H NMR spectrum (Figure 18) of 61 showed absorptions expected for
substituted terephthalates similar to 59 and 60. Integration of the three pentasubstituted
terephthalate aromatic proton absorptions at δ 8.12 in comparison to the integration of the
remaining aromatic proton absorptions gives a ratio of 3:33 as opposed to the expected
3:30. This is most likely due to the presence of CHCl3 (in the CDCl3) and residual
toluene (methyl absorption seen at ~ δ 2.4). The six ethyl ester functions are identified by
the presence of two overlapping methylene quartet absorptions centered at δ 4.03 and the
unique methyl absorptions centered at δ 0.86 and δ 0.93. The benzylic methylene protons
are identified by the presence of an absorption appearing at δ 3.87.
As with 59, the 13C NMR spectrum of 61 (Figure 19) exhibits two distinct ester
carbonyl carbon absorptions appearing at 168.15 ppm and 168.41 ppm. Also seen are
absorptions for the 14 unique Ar carbons. The two distinct ester methylene carbon
absorptions appear at 60.94 ppm and 61.15 ppm while the two distinct ester methyl
carbon absorptions appear at 13.51 ppm and 13.55 ppm. The benzylic methylene
absorption appears at 57.12 ppm. The 13C NMR DEPT135 spectrum (Figure 20)
confirms the presence of seven aromatic CH carbon absorptions as well as the expected
three aliphatic methylene carbon absorptions and two aliphatic methyl carbon
absorptions. Interestingly 61 has toluene24 present with no detectable amounts of ethanol
after recrystallization. This may indicate that toluene co-crystallizes with 61.
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Table 4. Summary of properties and yields of cycloaddition products
59, 60 and 61.
Compound

Yield (%)

C=O IR (cm-1)

59
60
61

85
58.5
81

1726
1725
1723

CH2 ester 13C
NMR (ppm)
61.01, 60.97
61.02
61.15, 60.94

m.p. (º)
Liquid
142-143
181-183

Yields of compounds 59, 60 and 61 were acceptable and the lower yield of 60 is
due to physical loss during the workup. The general utility of the Diels-Alder reaction is
evident in the good yield, high purity (1H NMR, physical appearance, sharp mp) and
simple isolation of the terephthalates 59, 60 and 61. Due to the multifunctional nature of
60 and 61, it is a key advantage that simple recrystallization was sufficient to isolate pure
compounds.
Hydrolysis of Esters
Previous studies of the formation of indeno[2,1-c]fluoren-5,8-diones from
terephthalates indicated that the highest yields for the conversions are obtained by using
terephthalic acids rather than esters.18 The hydrolysis of the diester 59 and the tetraester
60 were conducted to determine parameters which might be applied to polymeric
systems.

59

62

The first hydrolysis attempted was on the difunctional substrate 59 using
potassium hydroxide in ethylene glycol. Difficulty in obtaining complete hydrolysis of
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the ethyl ester functional groups in 59 was encountered. When 6 equivalents of KOH
were used (3eq/ester), and the reaction was heated at 155º for 26 hours, an appreciable
amount of unhydrolyzed ester remained (Figure 2, upper trace). Reacting the product of
the first hydrolysis with an additional 12 eq of KOH under identical conditions reduced
the residual ester (Figure 2, lower trace) but did not eliminate it completely. The IR

Figure 2. The 1H NMR spectra of the products of the hydrolysis of diethyl
2,3-diphenyl-5-butylterephthalate 59 with 6 equivalents of KOH (upper)
and 12 equivalents of KOH (lower).
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spectrum of 62 (Figure 21) clearly indicates the presence of acid functional groups but
does not show absorptions due to ester functions. Complete hydrolysis of the esters most
likely requires higher temperatures and/or a greater number of equivalents of KOH in
combination with longer reaction times.
Hydrolysis of 60 was also attempted by refluxing in KOH/EG, however after a
total of five days at reflux, the isolated material still had significant amounts of ester
remaining. Simply by comparing the integral of the 1H NMR absorption corresponding to
the internal terephthalate protons to the integral of the absorption corresponding to the
remaining methylene ester protons, it was determined that approximately 35% of the
ester functional groups remained intact.

60

63

The partially hydrolyzed mixture of compound 60 from the incomplete five day
hydrolysis was dissolved again in ethylene glycol with a total of twelve equivalents of
KOH and refluxed for an additional 24 hours. Little change in the 1H NMR of the
isolated material was noted (Figure 3, lower). Based on a comparison of the integrals of
the absorption corresponding to the methylene protons of the ethyl ester, the amount of
unhydrolyzed ester had decreased from 35% to 30 % while the integral of the absorption
corresponding to the proton of the carboxylic acid slightly increased in relation to the
internal terephthalate absorption integral.
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Figure 3. The 1H NMR spectra of the products of the hydrolysis of 1,4bis(3,4-diphenyl-2,5-di(ethoxycarbonyl)phenyl)butane 60 with 12
equivalents of KOH (upper) and for an additional 24 hours (lower).
There are several references indicating the difficulty in basic hydrolysis of
terephthalate esters. It has been reported that the carboxylic acids obtained from KOH
hydrolysis in ethylene glycol were lower in purity and in lower yields than carboxylic
acids obtained from hydrolysis in HBr/glacial acetic acid that gave yields in the 70%
range, although no further explanation was provided.13,25 Interestingly, Poriel, et al.16
reports that the hydrolysis of a related dimethyl ester at lower temperatures in
NaOH/EtOH was successful in 95% yields.
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Ring Closures

62

64

Ring closure of the terephthalic acid 62 (some ester remaining) in methanesulfonic acid did not afford the desired 6-butylindeno[2,1-c]fluoren-5,8-dione 64, but
resulted in a mixture of unreacted/mono/dicyclized products. Recycling the partially
hydrolyzed/ring closed material in concentrated sulfuric acid at ambient temperatures was
successful in complete ring cyclization of the carboxylic acid functional groups as
confirmed by IR, 1H NMR and 13C NMR spectroscopies. Isolation of the product 64 was
accomplished by precipitation into water while purification was accomplished by simple
recrystallization in ethanol.
The IR spectrum of 64 (Figure 24) after recrystallization and drying exhibits two
separate absorptions corresponding to the two unique carbonyl ketone functional groups
at 1699 cm-1 and 1707 cm-1. Also present in the spectrum are the aromatic C-H stretching
absorptions appearing >3000 cm-1 and the aliphatic C-H stretching absorptions appearing
at 2955 and 2931 cm-1. The broad -OH stretch (3600 - 2650 cm-1) from the precursor acid
62 is also not present, further confirming the successful ring closure.
The 1H NMR spectrum of 64 (Figure 25) exhibits absorptions corresponding to
the proposed structure. The butyl pendant chain exhibits absorptions centered at δ 0.95,
1.43, 1.55, and 2.97, which are present in the correct ratios through integration. The
absorptions also show the expected first order spin-spin coupling patterns and coupling
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constants typical of aliphatic protons. The aromatic region exhibits absorptions
corresponding to the five unique proton chemical environments showing the expected
splitting patterns (2 doublets, 2 triplets and 1 singlet). Integration of the absorptions
match the expected values.
The 13C NMR spectrum (Figure 26) reveals a total eighteen unique aromatic
carbon absorptions as well as four unique aliphatic absorptions. Further analysis of 64 by
13

C NMR DEPT135 spectroscopy (Figure 27) confirms nine aromatic CH absorptions. In

contrast to the 1H NMR spectrum, all aromatic carbons are unique. The butyl chain is
further confirmed in the 13C NMR DEPT135 spectrum by the appearance of three unique
methylene absorptions and a single CH3 absorption. The nonequivalent carbonyl carbon
absorptions at 192.29 ppm and 193.09 ppm are further evidence of complete ring closure.
After the successful ring closure of the diacid 62 to the fully ring closed 6butylindeno[2,1-c]fluoren-5,8-dione 64 in sulfuric acid under ambient conditions,
investigation of the ring closure directly from the diester 59 by stirring in concentrated
H2SO4 was also attempted. After a total of four days stirring under ambient conditions,
pouring the reaction into water led to completely water-soluble material that could not be
isolated or characterized.

63

65
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Given the successful synthesis and isolation of 6-butylindeno[2,1-c]fluoren-5,8dione 64 by treating the terephthalic acid derivative 59 with concentrated sulfuric acid,
partially hydrolyzed 1,4-bis(3,4-diphenyl-2,5-dicarboxyphenyl)butane 63 was subjected
to the same reaction conditions (concentrated sulfuric acid at ambient temperature). After
precipitation into acidic water, the isolated material was characterized by 1H NMR
spectroscopy. Based on interpretation of the 1H NMR spectra (figure 4) and applying
what has been learned from characterization of 64, the isolated material from the
attempted sulfuric acid catalyzed ring closure was only partially successful (absorptions
between δ 7.5 and 8).

Figure 4. The 1H NMR spectra of the products of the treatment of partially
hydrolyzed 1,4-bis(3,4-diphenyl-2,5-dicarboxyphenyl)butane 63 with
concentrated H2SO4.
Due to the fact that complete hydrolysis of the terephthalates 59 and 60 was
difficult, an attempt to make the triple tethered indeno[2,1-c]fluoren-5,8-dione 66 in
concentrated sulfuric acid directly from the terephthalate ester 61 was attempted. After
stirring for 5 days at ambient temperatures, the reaction was poured into a 5% NaHCO3
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61

66

solution. Initially, a precipitate had formed but after about 10 seconds, the solution
became clear again. It is possible that the benzyl amine portion of the molecule is
susceptible to hydrolysis and precipitation into basic water led to the hydrolysis and
formation of soluble salts (ammonium, carboxylate). Acidification of a small portion of
the water with HCl did not lead to any precipitation or turbidity either.
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CONCLUSIONS
A series of terephthalate ester compounds comprising diethyl 2,3-diphenyl-5butylterephthalate 59, 1,4-bis(3,4-diphenyl-2,5-diethoxycarbonylphenyl)butane 60 and
N,N,N-tris(3,4-diphenyl-2,5-diethoxycarbonylphenylmethyl)amine 61
were prepared by the Diels-Alder reaction between 2,5-dicarboethoxy-3,4diphenylcyclopentadienone 16 and the appropriate alkyne molecules in good yields. The
multifunctional esters 60 and 61 were prepared in good purity without the need for
purification by column chromatography and the 1H NMR, 13C NMR and 13C NMR
DEPT135 spectrum were reported.
Investigation into the hydrolysis of the diester 59 found that complete hydrolysis
was difficult even after 5 days in refluxing KOH/EG, while hydrolysis of the tetraester 60
was even more difficult.
Ring closure to form the cyclized indeno[2,1-c]fluoren-5,8-dione(s) was
investigated from the carboxylic acid precursors as well as from the ester precursors and
it was found that under ambient conditions in concentrated sulfuric acid, the 6butylindeno[2,1-c]fluoren-5,8-dione 64 was produced successfully from the carboxylic
acid precursor 59. Any attempts to form 64, 65 or 66 directly from the ester precursor
resulted in mixtures of starting material, partially ring closed intermediates or completely
water-soluble byproducts.
Future work should be focused on the discovery of reasonable conditions for the
complete hydrolysis of the esters 59, 60, and 61 followed by development of reaction
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conditions to afford the ring closed products under ambient conditions. This is necessary
for any post-polymerization reactions given that any attempts to make clean, well defined
polymers after heating in PPA or H2SO4 would most likely be very difficult.12
Based on these results, and in conjunction with other literature methods, three
methods that would be interesting to investigate in future work are: basic hydrolysis in
higher boiling glycols like diethylene glycol, synthesis and subsequent hydrolysis of the
methyl esters in NaOH/EtOH and acidic hydrolysis using HBr/acetic acid. Another
possibility would be the catalytic use of DMAP to enhance the reactivity of the ester
carbonyl carbon towards hydrolysis.
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Figure 5. The IR Spectrum (KBr) of 2,5-dicarboethoxy-3,4-diphenylcyclopentadienone.

Figure 6. The 300 MHz 1H NMR Spectrum (CDCl3) of 2,5-dicarboethoxy-3,4diphenylcyclopentadienone.
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Figure 7. The 75 MHz 13C NMR Spectrum (CDCl3) of 2,5-dicarboethoxy-3,4diphenylcyclopentadienone.

Figure 8. The 75 MHz 13C NMR DEPT135 Spectrum (CDCl3) of 2,5-dicarboethoxy-3,4diphenylcyclopentadienone.
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Figure 9. The IR Spectrum (KBr) of diethyl 2,3-diphenyl-5-butylterephthalate.

Figure 10. The 300 MHz 1H NMR spectrum (CDCl3) of diethyl 2,3-diphenyl-5butylterephthalate.
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Figure 11. The 75 MHz 13C NMR spectrum (CDCl3) of diethyl 2,3-diphenyl-5butylterephthalate.

Figure 12. The 75 MHz 13C NMR DEPT 135 spectrum (CDCl3) of diethyl 2,3-diphenyl5-butylterephthalate.
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Figure 13. The IR Spectrum (KBr) of 1,4-bis(3,4-diphenyl-2,5di(ethoxycarbonyl)phenyl)butane.

Figure 14. The 300 MHz 1H NMR spectrum (CDCl3) of 1,4-bis(3,4-diphenyl-2,5di(ethoxycarbonyl)phenyl)butane.
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Figure 15. The 75 MHz 13C NMR spectrum (CDCl3) of 1,4-bis(3,4-diphenyl-2,5di(ethoxycarbonyl)phenyl)butane.

Figure 16. The 75 MHz 13C NMR DEPT135 spectrum (CDCl3) of 1,4-bis(3,4-diphenyl2,5-di(ethoxycarbonyl)phenyl)butane.
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Figure 17. The IR spectrum (KBr) of N,N,N-tris(3,4-diphenyl-2,5di(ethoxycarbonyl)phenylmethyl)amine.

Figure 18. The 300 MHz 1H NMR spectrum (CDCl3) of N,N,N-tris(3,4-diphenyl-2,5di(ethoxycarbonyl)phenylmethyl)amine.
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Figure 19. The 75 MHz 13C NMR spectrum (CDCl3) of N,N,N-tris(3,4-diphenyl-2,5di(ethoxycarbonyl)phenylmethyl)amine.

Figure 20. The 75 MHz 13C NMR DEPT135 spectrum (CDCl3) of N,N,N-tris(3,4diphenyl-2,5-di(ethoxycarbonyl)phenylmethyl)amine.
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Figure 21. The IR spectrum (KBr) of 2,3-diphenyl-5-butylterephthalic Acid.

Figure 22. The 300 MHz 1H NMR spectrum (d6-DMSO) of 2,3-diphenyl-5butylterephthalic Acid.
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Figure 23. The 300 MHz 1H NMR spectrum (d6-DMSO) of 1,4-bis(3,4-diphenyl-2,5dicarboxyphenyl)butane.

Figure 24. The IR spectrum (KBr) of 6-butylindeno[2,1-c]fluoren-5,8-dione.
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Figure 25. The 300 MHz 1H NMR spectrum (CDCl3) of 6-butylindeno[2,1-c]fluoren-5,8dione.

Figure 26. The 75 MHz 13C NMR spectrum (CDCl3) of 6-butylindeno[2,1-c]fluoren-5,8dione.
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Figure 27. The 75 MHz 13C NMR DEPT135 spectrum (CDCl3) of 6-butylindeno[2,1c]fluoren-5,8-dione.
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